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Screening of novel human glycosyl 
sulfotransf erase expressed in high endothelial 
cells (HEC) (GST-3, HEC-GlcNAc6ST) inhibitors 
Bistrup, Annette; Rosen, Steven D.; Tangemann, 
Kirsten; Hemmerich, Stefan 

The Regents of the University of California, USA 

U.S., 38 pp., Cont . -in-part of U.S. Ser. No. 45,284 
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MC, PT, 



AB Use of a novel human glycosyl sulfotransf erase 

expressed in high endothelial cells (HEC) (GST-3 or HEC-GlcNAc6ST) for 
screening inhibitors as therapeutic agent is provided. Full-length cDNAs 
contg. the two contigs and predicting CS6T/KSST homologs were obtained by 
screening a human fetal brain .lambda. ZAP cDNA library (Stratagene, La 
Jolla, Calif.) with labeled 700-800 bp restriction fragments (from EST 2 
for contig 1 and from EST 5 for contig 2) . The proteins encoded by these 
cDNAs were designated as GST 1 and GST 2, where GST denotes 
"glycosylsulfotransf erase . " GST 1 has been independently cloned and 
assigned the name "KSGal6ST by Fukuta et al . , J. Biol. Chem. (1997) 272: 
32321-8. ESTs potentially coding for novel human glycosyl 
sulfotransf erases other than GST-1&2 were identified through a 
secondary homol . screen, in which the peptide sequences of GST-1 and GST-2 
were used as template in two parallel TBLASTN searches against a public 
(dbest) and a private genomic database (Lifeseq, Incyte Pharmaceuticals, 
Palo Alto, Calif.). Three cDNA clones which encode three different human 
homologs for C6ST/KSST have been obtained. The predicted GST proteins are 
type 2 membrane proteins 411, 484, and 386 amino acids in length, resp . 
Each has a relatively short transmembrane domain and a short amino 
terminal cytoplasmic tail. GST-1 is the same as the sulfotransf erase 



reported by Fukuta et al . supra (1997) and named KSGal6ST. GST-3 
(HEC-GlcNAc6ST) , is a novel GlcNAc-6- 

sulfotransf erase. The novel human glycosylsulf otransf erase enzyme 
of the subject invention has been named human glycosyl 
sulf otransf erase 3 or huGST-3 or HEC-GlcNAc6ST . HuGST-3 is 
capable of sulfating selectin ligands, particularly L-selectin ligands, 
e.g., GlyCAM-1. Donor compds . from which huGST-3 obtains sulfate groups 
for transfer to acceptor ligand compds. include 3 1 -phosphoadenosine 
5 ' -phosphosulfate (PAPS) and the like. Selectin ligands capable of being 
sulfated through huGST-3 action include E-, P- and L-selectin ligands, 
particularly L-selectin ligands, such as GlyCAM-1, CD34, MAdCAM-1, Sgp200, 
podocalyxin, and the like. huGST-3 is strongly predicted to have 
GlcNAc6-0-sulf otransf erase (N-actylglucosamine- 6-0 -sulf otransf erase) 
activity. Human GST-3 is a 386 amino acid protein having an amino acid 
sequence as shown in FIG. 1 and identified as SEQ ID NO: 01. 
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Novel mass spectrometric methods for the determination of 
enzyme mechanism and kinetics for GlcNAc- 
6 -sulf otransf erase, its inhibitors and 
substrates. 

Leary, Julie A. (1); Yu, Yonghao (1); Pi, Na (1) 
(1) Dept. of Chemistry, University of California, Berkeley, 
CA, USA USA 
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for Glycobiology 
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Howard Hughes Medical Institute, Center for New 
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AB Here we describe an efficient dot-blot assay for high- throughput screening 
of two enzymes, heparan sulfate N-deacetylase/N-sulf otransf erase (NDST-1) 
and high-endothelial cell GlcNAc-6- 

sulfotransf erase (HEC-GlcNAc-6 -ST) . The assay proceeds by 
transfer of 35S-labeled sulfate from [35S] 3 ' -phosphoadenosine-5 1 - 
phosphosulf ate (PAPS) to the free amino groups of de-N-sulf ated heparin 
(NDST-1) , or the 6-hydroxyl groups of N-acetylglucosamine residues linked 
to a polyacrylamide scaffold (HEC-GlcNAc-6-ST) . The 35S-labeled products 
are then captured on an appropriate membrane, taking advantage of their 
polymeric architecture. In one step, 35S-labeled byproducts are then 
eluted from the membrane, leaving spatially sepd. 35S-labeled product 
"dots" for subsequent quantification. This assay allows for direct 
product detection on the membrane, obviating excessive washing and elution 
steps endemic to other assays. The assay was validated by measuring KM 
values for PAPS and KI values for PAP, the product of sulfuryl transfer. 
The assay method should be useful for inhibitor screens for both enzymes. 
In addn., the general assay architecture should be readily applicable to 
high- throughput screens of other carbohydrate sulf otransf erases . 
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AB The present invention provides the structure of the MECA-7 9 antigen and 
methods of treating L-selectin-mediated conditions by modulating enzymes 
that are required for formation of this antigen. 
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Cloning of nucleic acid sequences encoding human and 
murine glycosyl sulfotransf erases 
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AB Novel glycosyl sulfotransf erases 



JP 2001-511223 20000719 

US 1999-144694P P 19990720 

US 2000-593828 A 20000713 

WO 2000-US19741 W 20000719 
(GST-4 .alpha. , 



GST-4.beta., and GST-6 from human; GST-4 and GST-6 from mouse) and 
polypeptides related thereto, as well as nucleic acid compns . encoding the 
same, are provided. The glycosyl sulfotransf erases 

are type 2 membrane proteins having a relatively short transmembrane 
domain and N-terminal cytoplasmic tail of varying length, and are capable 
of sulfating selectin ligands, particularly L-selectin ligands (e.g., 
GlyCAM-1) . Genomic DNA sequences encoding human GST-4 and GST-6 and for 
mouse GST-6 are also provided. The subject polypeptides and nucleic acid 
compns. find use in a variety of applications, including various 
diagnostic and therapeutic agent screening applications. Also provided 
are methods of inhibiting selectin-mediated binding events and methods of 
treating disease conditions assocd. therewith, particularly by 
administering an inhibitor of at least one of GST-4 . alpha . , GST-4. beta., 
and GST-6. 
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Glycosly sulf ortransf erase-3 . 
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ASSIGNEE: The Regents of the University of California; 
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Pagination, e-f ile . 
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Patent 
English 

A novel human glycosylsulf otransf erase expressed in high endothelial cells 
(GST-3) and polypeptides related thereto, as well as nucleic acid 
compositions encoding the same, are provided. The subject polypeptides and 
nucleic acid compositions find use in a variety of applications, including 
research, diagnostic, and therapeutic agent screening applications. Also 
provided are methods of inhibiting selectin mediated binding events and 
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methods of treating disease conditions associated therewith. 
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Biosynthesis of L-Selectin Ligands : Sulfation of 
Sialyl Lewis x-Related Oligosaccharides by a Family of 
GlcNAc-6-sulfo transferases 

Bowman, Kendra G.; Cook, Brian N.; de Graffenried, 
Christopher L.; Bertozzi, Carolyn R. 
Departments of Chemistry and Molecular and Cell 
Biology and Howard Hughes Medical Institute, 
University of California, Berkeley, CA, 94720, USA 
Biochemistry (2001), 40(18), 5382-5391 
CODEN: BICHAW; ISSN: 0006-2960 
American Chemical Society 
Journal 
English 

The leukocyte adhesion mol . L-selectin mediates lymphocyte homing to 
secondary lymphoid organs and to certain sites of inflammation. The 
cognate ligands for L-selectin possess the unusual sulfated 
tetrasaccharide epitope 6-sulfo sialyl Lewis x 

(Sia. alpha. 2 . fwdarw. 3Gal .beta. 1 . fwdarw.4 [Fuc . alpha . 1 . fwdarw. 3] [S03 . fwdarw. 
6]GlcNAc) . Sulfation of GlcNAc within sialyl Lewis x is a crucial 
modification for L-selectin binding, and thus, the underlying 
sulfotransf erase may be a key modulator of lymphocyte trafficking. Four 
recently discovered GlcNAc -6 -sulfotransf erases 

are the first candidate contributors to the biosynthesis of 6-sulfo sLex 
in the context of L-selectin ligands. Here we report the in vitro 
activity of the four GlcNAc-6- 

sulfotransf erases on a panel of synthetic oligosaccharide 
substrates that comprise structural motifs derived from sialyl Lewis x. 
Each enzyme preferred a terminal GlcNAc residue, and was impeded by the 
addn. of a . beta . 1 , 4 -linked Gal residue (i.e., terminal LacNAc) . 
Surprisingly, for three of the enzymes, significant activity was obsd. 
with sialylated LacNAc, and two of the enzymes were capable of detectable 
sulfation of GlcNAc in the context of sialyl Lewis x. On the basis of 
these results, we propose possible pathways for 6-sulfo sialyl Lewis x 
biosynthesis and suggest that sulfation may be an early committed step. 
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Differential Carbohydrate Recognition of Two 
GlcNAc -6 -sulfotransf erases 

with Possible Roles in L-Selectin Ligand Biosynthesis 
Cook, Brian N. ; Bhakta, Sunil; Biegel, Teresa; Bowman, 
Kendra G. ; Armstrong, Joshua I.; Hemmerich, Stefan; 
Bertozzi, Carolyn R. 

Departments of Chemistry and Molecular and Cell 
Biology, University of California, Berkeley, CA, 
94720, USA 

Journal of the American Chemical Society (2000) , 
122 (36) , 8612-8622 
CODEN: JACSAT; ISSN: 0002-7863 
American Chemical Society 
Journal 
English 

Two human GlcNAc -6 -sulfotransf erases , CHST2 
and HEC-GlcNAc6ST, have been recently identified as possible contributors 
to the inflammatory response by virtue of their participation in 
L-selectin ligand biosynthesis. Selective inhibitors would facilitate 



AUTHOR (S) 
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SOURCE : 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



their functional elucidation and might provide leads for antiinflammatory 
therapy. Here we investigate the crit. elements of a disaccharide 
substrate that are required for recognition by CHST2 and HEC-GlcNAc6ST. A 
panel of disaccharide analogs, bearing modifications to the pyranose rings 
and aglycon substituents , were synthesized and screened for substrate 
activity with each enzyme. Both GlcNAc-6- 

sulfotransf erases required the 2 -N-acetamido and 4-hydroxyl groups 
of a terminal GlcNAc residue for conversion to product. Both enzymes 
tolerated modifications to the reducing terminal pyranose. Key 
differences in recognition of an amide group in the aglycon substituent 
were obsd., providing the basis for future glycomimetic inhibitor design. 
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Discovery of carbohydrate sulf ©transferase inhibitors 
from a kinase-directed library 

Armstrong, Joshua I.; Portley, Adam R. / Chang, 
Young-Tae; Nierengarten, David M. ; Cook, Brian N.; 
Bowman, Kendra G. ; Bishop, Anthony; Gray, Nathanael 
S.; Shokat, Kevan M. ; Schultz, Peter G.; Bertozzi, 
Carolyn R. 

Department of Chemistry, University of California, 
Berkeley, Berkeley, CA, 94720, USA 
Angewandte Chemie, International Edition (2000) , 
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The authors report the first carbohydrate sulf otransf erase inhibitors from 
a kinase-directed library. The well-characterized GlcNAc- 
6 -sulf otransf erase NodH from Rhizobium meliloti was used 

as the initial sulf otransf erase target. Six inhibitors with IC50 values 
in the micromolar range were identified. 
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L-selectin ligand sulf otransf erase (LSST) 
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A review with 16 ref s . , on the roles of L-selectin and L-selectin ligands 
in extravascular migration of leukocytes, structure of sugar chain of 
L-selectin ligand expressed in high endothelial venules (HEV) , 
biosynthesis of 6-sulfo sialyl Lewis X (sLeX) and 6' -sulf o sLeX, 
identification of sulf otransf erases (LSST and GlcNAc-6 
-sulf otransf erase; G6ST) , their distribution and substrate 
specificity, and interaction between L-selectin and L-selectin ligands 
modified by LSST and G6ST . LSST is predominantly expressed in HEV and 
exhibits catalytic preference for core 2 -branched mucin-type O-glycans. 
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AB Novel mammalian glycosylsulf otransf erases expressed in high endothelial 
cells (GST-3) and polypeptides related thereto, as well as nucleic acid 
compns. encoding the same, are provided. The novel mammalian enzyme is a 
type 2 membrane protein having a relatively short transmembrane domain and 
a short N-terminal cytoplasmic tail. GST-3 is capable of sulfating 
selectin ligands, particularly L-selectin ligands., e.g., GlyCam-1, and is 
predicted to have N-acetylglucosamine-6-O-sulf otransf erase activity. 
Human GST-3 is 386 amino acids in length, is highly glycosylated, and its 
expression is highly restricted; for example, human GST-3 is expressed in 
high endothelial cells (HEC) but not tonsillar lymphocytes or primary 
cultured human umbilical vein endothelial cells. Mouse Gst-3 is a 388 
amino acid protein. Also provided are keratin sulfate 

galactosyl-6-sulfotransf erase (KSGal6ST) homologs that are selectively 
expressed in HEC. The subject polypeptides and nucleic acid compns. find 
use in a variety of applications, including research, diagnostic, and 
therapeutic agent screening applications. Also provided are methods of 
inhibiting selectin-mediated binding events and methods of treating 
disease conditions assocd. therewith, particularly by administering an 
inhibitor of at least one of GST-3 or KSGal6ST, or homologs thereof. 
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L-selectin, a lectin-like receptor, mediates rolling of lymphocytes on 
high endothelial venules (HEVs) in secondary lymphoid organs by 
interacting with HEV ligands. These ligands consist of a complex of 
sialomucins, candidates for which are glycosylation-dependent cell 
adhesion mol . 1 (GlyCAM-1) , CD34, and podocalyxin. The ligands must be 
sialylated, fucosylated, and sulfated for optimal recognition by 
L-selectin. Our previous structural characterization of GlyCAM-1 has 
demonstrated two sulfation modifications, Gal-6 -sulfate and 
GlcNAc-6-sulf ate in the context of sialyl Lewis x. The authors now report 
the cloning of a Gal-6-sulf otransf erase and a GlcNAc-6 
-sulfotransf erase, which can modify GlyCAM-1 and CD34 . The 
Gal-6-sulf otransf erase shows a wide tissue distribution. In contrast, the 
GlcNAc-6 -sulfotransf erase is highly restricted 

to HEVs, as revealed by Northern anal, and in situ hybridization. 
Expression of either enzyme in Chinese hamster ovary cells, along with 
CD34 and fucosyltransf erase VII, results in ligand activity, as detected 
by binding of an L-selectin/IgM chimera. When coexpressed, the two 
sulfotransf erases synergize to produce strongly enhanced chimera binding. 
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AB The activities of various glycosyltransf erases and sulf ©transferases were 
detd. before and after in vitro culture of the cells. The activities of 
N-acetylglucosaminyltransf erase, galactosyltransf erase , and 
sulf otransf erase, which are involved in keratan sulfate synthesis, were 
assayed using pyridylaminated N-acetyllactosamine-contg . oligosaccharides 
as acceptor substrate; the activities of N-acetylgalactosaminyltransf erase 
, glucuronyltransf erase, and sulf otransf erase , which are involved in 
chondroitin sulfate synthesis, were assayed using pyridylaminated 
chondro-oligosaccharides as acceptor substrate. Of these enzymes, the 
sulf otransf erase activity toward degalactosylated, pyridylaminated 
lacto-N-neotetraose and N-acetyllactosamine dimer (probably GlcNAc 
-6-sulfotransf erase) decreased markedly after in vitro 
culture, whereas the galactosyltransf erase activity increased. The 
chondroitin sulf ate-sulf otransf erase activities toward pyridylaminated 
chondro-oligosaccharides hardly changed after in vitro culture. The 
marked decrease in the activity of the keratan sulf ate-sulf otransf erase 
corresponds to the marked decrease in keratan sulfate biosynthesis when 
the cells are cultured in vitro. These findings suggest that keratan 
sulf ate-sulf otransf erase (GlcNAc- 6 - 

sulfotransf erase) is a key enzyme in keratan sulfate biosynthesis 
and that its decrease is primarily responsible for the marked decrease in 
keratan sulfate synthesis after in vitro culture. (c) 1998 Academic 
Press . 
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